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DESCRIPTION 

PLASMA DISCHARGER 
Technical Field 

[0001] The present invention mainly provides a plasma 

discharger which is to be applied to various surface 
treatments such as washing of organics adhering to the 
surface of a rotating disk-like workpiece, disinfection or 
sterilization, and etching, and more particularly relates 
to a plasma discharger of the corona discharge type in 
which a surface treatment such as modification is con- 
ducted by irradiating the surface of a workpiece with ex- 
cited species such as excited molecules, radicals, or ions 
which are generated as a result of molecular dissociation 
due to plasma produced by a corona discharge. 
Background Art 

[0002] A plasma discharger of the corona discharge type has 

an advantage that the use of an ignition gas such as he- 
lium, argon, or hydrogen which is required in the case of 
a plasma surface treating method of the glow discharge 
type can be omitted, and improvement of the safety in use 
and reduction of the treatment cost due to a reduced gas 
consumption can be realized. Therefore, the method is of- 
ten used in surface treatments such as surface modifica- 
tion . 

[0003] Important factors in this kind of a plasma discharger 
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of the corona discharge type are the amount, area, and 
uniformity of irradiation of excited species including 
plasma produced by a corona discharge, to the surface of a 
workpiece . As means for attaining these important factors , 
conventionally, employed is a method in which, for example, 
discharge electrodes in which their tip end portions are 
formed into a substantially V-like shape are symmetrically 
placed in a hollow insulating holder in a state where 
their pointed ends are in close proximity to each other, a 
middle space portion of the insulating holder is used as 
an air ejection port, and excited species including plasma 
are irradiated toward the surface of a workpiece by ejec- 
tion of high-pressure and high-speed air from the air 
ejection hole (for example, see Patent Reference 1) . 
Patent Reference 1 : Japanese Patent Application Laying- 
Open No. 2001-293363 
Disclosure of the Invention 
Problems that the Invention is to Solve 
[0004] In the plasma discharger in which the discharge 

electrodes formed into a substantially V-like shape are 
symmetrically placed in a state where their pointed ends 
are in close proximity to each other, because of concen- 
tric generation of discharge energy lines, and the air 
flow ejected from the air ejection port in a middle por- 
tion of the insulating holder, a state where the energy 
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amount in the center portion of the air ejection port is 
largest, and, as more advancing toward the outer periphery, 
the energy amount is further reduced is attained. In the 
case where a surface treatment is conducted on a rotating 
disk-like workpiece, therefore, a situation in which a ro- 
tation center portion is intensively treated, and a pe- 
ripheral portion is not sufficiently treated may occur. 
Consequently, there is a problem in that the treatment is 
conducted while a workpiece is horizontally moved, or the 
discharger is horizontally moved, whereby the discharger 
is complicated. 

[0005] The invention has been conducted in view of the 

above-mentioned circumstances. It is an object of the in- 
vention to provide a plasma discharger in which, even on a 
rotating disk-like workpiece, a uniform energy distribu- 
tion can be obtained over a wide range. 
Means for Solving the Problems 

[0006] In order to attain the object, the invention of claim 

1 is a plasma discharger in which a pulse voltage is ap- 
plied to a pair of rod-like discharge electrodes to pro- 
duce a corona discharge between pointed ends of the dis- 
charge electrodes, and a surface of a workpiece is irradi- 
ated with excited species including plasma produced by the 
corona discharge, wherein the pair of rod-like discharge 
electrodes are formed into an asymmetrical shape, and the 



pointed end of one of the discharge electrodes, and the 
pointed end of another one of the discharge electrodes are 
located at different phase heights on an axis along a 
plasma ejecting direction. 
[0007] Furthermore, the invention of claim 2 is character- 

ized in that, in addition to the configuration of claim 1, 
the one discharge electrode is formed into a substantially 
L-like shape, the other discharge electrode is formed into 
a substantially V-like shape, and the pointed end of the 
discharge electrode which is formed into a substantially 
L-like shape is forwardly located in the plasma ejecting 
direction . 

[0008] Moreover, the invention of claim 3 is characterized 

in that, in addition to the configuration of claim 2, the 
pointed end of the discharge electrode which is formed 
into a substantially L-like shape is located in an outer 
peripheral portion of the disk-like workpiece which is 
treated while involving rotation, and a bend-continuous 
basal end portion of the other discharge electrode which 
is formed into a substantially V-like shape is located in 
a rotation center portion of the disk-like workpiece which 
is treated while involving rotation. 

[0009] In the invention, the disk-like workpiece which is to 

be treated while involving rotation is not restricted to a 
thin disk such as a wafer, and alternatively may be a 
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shallow container which has a raised peripheral wall in 
the peripheral edge , or the like . 
Effects of the Invention 
[0010] According to the invention, the pair of rod-like 

discharge electrodes are formed into a asymmetrical shape, 
and the pointed end of one discharge electrode, and the 
pointed end of the other discharge electrode are located 
at different phase heights on the axis along the plasma 
ejecting direction. Therefore, a corona discharge is pro- 
duced between the pointed end of one discharge electrode 
and a discharge electrode linear portion of the other dis- 
charge electrode, and hence the energy density in the 
pointed end side becomes higher. In the case where the 
disk-like workpiece involving rotation is treated, the 
circumf erential velocity on an outer peripheral edge por- 
tion of the rotating disk-like workpiece is high, and that 
on the side of the rotation center is low. When the high 
energy density is located in an outer peripheral edge por- 
tion of a rotating member, therefore, the amount of energy 
to be applied to the whole disk-like workpiece can be uni- 
f ormalized. 

Brief Description of the Drawings 
[0011] [Fig. 1] Fig. 1 is an extracted enlarged view of main 
portions . 

[Fig. 2] Fig. 2 is a front view of a plasma discharger. 
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[Fig. 3] Fig. 3 is a side view of the plasma discharger. 

Description of Reference Numerals 
[0012] 6, 7 ... discharge electrode (6a ... pointed end of 

one discharge electrode (6) , 7a ... pointed end of other 

discharge electrode (7)), W ... workpiece . 

Best Mode for Carrying Out the Invention 
[0013] The figures show an embodiment of the invention, Fig. 

1 is an extracted enlarged view of main portions, Fig. 2 

is a front view of a plasma discharger, and Fig. 3 is a 

side view of the plasma discharger. 

The plasma discharger is configured by: a platform 

(2) which comprises a rotation driving mechanism that is 
not shown, and in which a turntable (1) on which a disk- 
like workpiece (W) is to be mounted and fixed is projected 
from the upper face; a discharge head unit (3) which is 
opposed to the platform (2) from the upper side; and a 
support member (4) which supports the discharge head unit 

(3) in a vertically movable manner. 

[0014] An electrode assembly (5) is formed in a lower end 

portion of the discharge head unit (3) . The electrode as- 
sembly (5) has: a pair of discharge electrodes (6) (7); an 
insulative refractory material (8) in which an opening is 
formed, and which is made of ceramics (alumina) ; and an 
electrode support member (9) made of an insulative resin, 
and is attached to a head case (10) via the electrode sup- 
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port member (9) . The insulative refractory material (8) 
and the electrode support member (9) are formed into a cy- 
lindrical shape . 

[0015] In the insulative refractory material (8) and the 

electrode support member (9) , through holes (11) (12) hav- 
ing a circular section are formed for receiving leg por- 
tions of the discharge electrodes (6) (7) , and a channel- 
like opening (13) is formed in a tip end portion (lower 
end portion) of the insulative refractory material (8) . 

[0016] Each of the discharge electrodes (6) (7) is formed by 

a rod-like member which is bendingly formed, and which is 
made of tungsten or molybdenum. The one discharge elec- 
trode (6) is formed by bending the rod-like member into a 
substantially L-like shape, and the other discharge elec- 
trode (7) is formed by bending the rod-like member into a 
substantially V-like shape. A pointed end (6a) of the 
discharge electrode (6) which is formed into a substan- 
tially L-like shape is located in a portion of the tip end 
face of the insulative refractory material (8) . Further- 
more, a bend basal end portion of the other discharge 
electrode (7) which is formed into a substantially V-like 
shape is located in a portion of the tip end face of the 
insulative refractory material (8) , and a pointed end (7a) 
is located in an inner side of the channel-like opening 
(13) which is formed in the insulative refractory material 
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(8) . Therefore, the pointed ends (6a) (7a) of the pair of 
discharge electrodes (6) (7) are located at different 
heights (phases) in the vertical directions of the insula- 
tive refractory material (8) , and the pointed end (6a) of 
the discharge electrode (6) which is formed into a sub- 
stantially L-like shape is opposed to a bend-continuous 
linear portion of the discharge electrode (7) which is 
formed into a substantially V-like shape. 
[0017] The discharger is formed in a state where the center 

of the discharge head unit (3) , and the rotation center of 
the turntable (1) which is located below the unit are ec- 
centric with each other. The pair of discharge electrodes 
(6) (7) are formed so that the gap between the pointed end 
(6a) of the discharge electrode (6) which is formed into a 
substantially L-like shape, and the bend basal end portion 
of the discharge electrode (7) which is formed into a sub- 
stantially V-like shape is approximately equal to the dis- 
tance (rotation radius) from the rotation center of the 
workpiece mounted on the turntable (1) to the outer pe- 
ripheral edge, the bend basal end portion of the discharge 
electrode (6) which is formed into a substantially V-like 
shape is located in a rotation center portion of the ro- 
tating disk-like workpiece (W) , and the pointed end (6a) 
of the discharge electrode (6) which is formed into a sub- 
stantially L-like shape is located in an outer peripheral 
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edge portion of the disk-like workpiece (W) . 
[0018] Output terminals of a step-up transformer (14) are 

electrically connected to the upper ends of the leg po- 
tions of the discharge electrodes (6) (7) which are sup- 
ported by the electrode support member (9) , respectively. 
A high-frequency AC power source (15) is connected to the 
step-up transformer. In the discharge head unit (3), an 
introduction port (16) for a gas such as air, carbon diox- 
ide, or argon is formed. The gas which is introduced from 
the gas introduction port (16) is introduced into a middle 
space (18) which is formed in the insulative refractory 
material (8) and the electrode support member (9) , via a 
gas passage (17) formed in the discharge head unit (3) , 
and then ejected as a gas flow from the discharge head 
unit (3) toward the workpiece (W) . 
[0019] The disk-like workpiece which is to be treated is not 

restricted to a thin disk such as a wafer, and alterna- 
tively may be a shallow container which has a raised pe- 
ripheral wall in the peripheral edge, or the like. Vari- 
ous surface treatments such as those of, in the case where 
application of a coating composition or printing is per- 
formed on a resin such as polyethylene, polypropylene, or 
PTFE (polytetraf luoroethylene) , modifying the water repel- 
lent property of the surface to the water-attracting prop- 
erty, washing away organics adhering to the surface of 
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glass, ceramics, a metal, a semiconductor, or the like, 
conducting disinfection or sterilization, performing an 
etching process, and modification, and a treatment of the 
surface of liquid stored in a shallow container may be 
possible as the treatment using plasma emitted from the 
plasma discharger. 
Examples 

[0020] A high-frequency power of 50 Hz to 100 kHz, prefera- 

bly 20 to 80 kHz, and 2 to 15 kv is applied to the dis- 
charge electrodes (6) (7) made of tungsten to produce a 
corona discharge between the discharge electrodes (6) (7) , 
and air of 40 to 100 liters/min. is supplied to the gas 
passage (17) . The number of rotations of the turntable 
(1) on which the workpiece (W) is mounted and fixed was 
set to 1 to 2 rotations per second, and the workpiece (W) 
was irradiated with a plasma flow for about 3 to 5 seconds 
Industrial Applicability 

[0021] The invention can be used in surface treatments such 

as those of modifying the surface of a resin, washing the 
surface of glass, ceramics, a metal, a semiconductor, or 
the like, conducting disinfection or sterilization, per- 
forming an etching process, and modification. 



